A novel, Gram-stain-negative, non-motile, non-spore-forming, short rod-shaped, aerobic bacterium designated H-12
phylogenetic data, strain H-12 T is proposed to be a representative of a novel species of the genus Sphingobacterium, for which the name Sphingobacterium arenae sp. nov. is suggested and the type strain is H-12 T (5ACCC 05758 T 5KCTC 32294 T ). Yabuuchi et al. (1983) , initially proposed the genus Sphingobacterium (family Sphingobacteriaceae, order Sphingobacteriales, class Sphingobacteriia, phylum Bacteroidetes; Ludwig et al., 2008) , based on the presence of high concentrations of the cellular lipid components, sphingophospholipids. Members of the species are mainly Gram-negative rods, positive for catalase and oxidase activities, negative for heparinase and gelatinase activities and indole production, and with iso-C 15 : 0 , iso-C 15 : 0 2-OH, C 16 : 1 v7c and C 17 : 0 3-OH as the main fatty acids (Takeuchi & Yokota, 1992; Steyn et al., 1998) . As the time of writing, the genus comprises 23 species with validly published names: Sphingobacterium multivorum (Yabuuchi et al., 1983) , Sphingobacterium mizutaii (Yabuuchi et al., 1983) , the type species Sphingobacterium spiritivorum (Yabuuchi et al., 1983) , (Shivaji et al., 1992) , Spingobacterium thalpophilum (Takeuchi & Yokota, 1992 , 1993 , Sphingobacterium faecium (Takeuchi & Yokota, 1992 , 1993 ), Sphingobacterium daejeonense (Kim et al., 2006) , Sphingobacterium composti (Yoo et al., 2007a, b) , Sphingobacterium canadense (Mehnaz et al., 2007 (Mehnaz et al., , 2008 , Spingobacterium anhuiense (Wei et al., 2008) , Sphingobacterium kitahiroshimense (Matsuyama et al., 2008) , Sphingobacterium siyangense (Liu et al., 2008) , Sphingobacterium bambusae (Duan et al., 2009 (Duan et al., , 2010 Xiao et al., 2013) and Sphingobacterium psychroaquaticum (Albert et al., 2013) . Two previously described species, Sphingobacterium heparinum and Sphingobacterium piscium (Takeuchi & Yokota, 1992) , were later reclassified in the genus Pedobacter (Steyn et al., 1998) . Species of the genus Sphingobacterium have been isolated from Antarctic soil (Shivaji et al., 1992; Matsuyama et al., 2008) , compost Yoo et al., 2007b) , and clinical specimens including blood, urine and the uteri of human patients with opportunistic infections (Holmes et al., 1982; Yabuuchi et al., 1983) .
During an investigation on stress-resistant bacteria from arid environments, a novel bacterium designated strain H-12 T was isolated from a mixed sandy soil sample obtained from Xinjiang, China. Its phenotypic and chemotaxonomic characteristics were examined and a phylogenetic analysis was performed. On the basis of these data, strain H-12 T should be classified as a representative of a novel species of the genus Sphingobacterium, for which the name Sphingobacterium arenae sp. nov. is proposed.
To investigate its morphological, biochemical and physiological characteristics, strain H-12 T was routinely cultivated using TGY medium (1.0 % tryptone, 0.1 % glucose, 0.5 % yeast extract; w/v) at 30 u C with shaking at 200 r.p.m. for 2-3 days. Gram staining was carried out using a modified method described by Cowan et al. (2003) . Growth of strain H-12 T at different temperatures (4-42 u C) was carried out using TGY medium, and the pH range for growth of strain H-12
T was examined at pH 3.0-12.0 (with intervals of 0.5 pH units) on TGY agar. Salt tolerance was tested in TGY supplemented with 0-10 % NaCl (w/v) at 30 u C after 2 days. Cultures were purified and stored at 280 u C in growth medium supplemented with 15 % glycerol (v/v).
Isoprenoid quinones of strain H-12
T were extracted from lyophilized cells with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/ water (1 : 1, v/v). Polar lipids of strain H-12 T were extracted using the method of Minnikin et al. (1984) and separated by two-dimensional TLC and then sprayed with specific reagents as described by Collins & Jones (1980) . Cellular fatty acids were determined and cell morphology was observed after the strain was grown on TGY medium at 30 u C for 2 days. The fatty acid methyl esters were prepared according to Kämpfer & Kroppenstedt (1996) using the classical method of the Sherlock Microbial Identification System version 6.1 (MIDI) and analysed by GC (6890; Hewlett Packard) using the Microbial Identification Standard MIS Database TSBA6. Cell morphology was observed by light microscopy (DM RAR; Leica) and scanning electron microscopy (Hitachi). Catalase activity was determined by assessing bubble production with 3 % H 2 O 2 (v/v), and oxidase activity was determined using 1 % tetra-methyl-p-phenylenediamine (w/v). Other enzymic characteristics of strain H-12 T were assessed using API ZYM bacterial identification kits (bioMérieux). Gelatin hydrolysis was determined on gelatin agar (Difco) using the general characterization methods described by Smibert & Krieg (1994) . Antibiotic sensitivity tests of strain H-12 T were performed using the diffusion method described by Park et al. (2007) on TGY agar at 30 u C with discs (Sanofi Pasteur) containing the following antibiotics: ampicillin (50 mg), kanamycin (50 mg), tetracycline (50 mg), chloramphenicol (50 mg), rifampicin (50 mg), spectinomycin (35 mg) and hygromycin (50 mg). TGY agar medium without antibiotic was used as a control and experiments were carried out in triplicate.
The use of various substrates as the sole carbon source of strain H-12
T was examined using the GN2 MicroPlate system (Biolog), which includes 95 substrates to test the oxidation of carbon sources. Sample preparation and analysis were performed according to the manufacturer's directions. Results were obtained after 6h and 24h using Microstation hardware (Biolog) and data were analysed using MICROLOG version 3 software (Biolog). All tests were carried out in triplicate.
Genomic DNA was extracted from strain H-12 T using the TIANamp bacteria DNA kit (Tiangen). The nearly complete 16S rRNA gene sequence was amplified with universal bacterial primers F27 (59-AGAGTTTGATCATGGCTCAG-39) and R1492 (59-TACGGTTACCTTGTTACGACTT-39) (Weisburg et al., 1991) , and then cloned into the pGEM-T vector (Promega). The inserted 16S rRNA gene was sequenced by BGI ARK Biotechnology (Beijing, China). Multiple alignments with the 16S rRNA gene sequences of a broad selection of species of the genus Sphingobacterium and calculations of sequence similarity levels were performed using MEGA version 4 (Tamura et al., 2007) . Phylogenetic trees were reconstructed with the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony methods with bootstrap values based on 1000 resamplings (Felsenstein, 1985) . The DNA G+C content of Sphingobacterium arenae sp. nov. H-12
T was determined with a thermal denaturation method (Marmur & Doty, 1962) using an Ultrospec 2100 spectrophotometer (Pharmacia Biotech) and was calculated with the equation used by Owen & Lapage (1976) .
Cells of strain H-12
T were Gram-stain-negative, nonmotile, non-spore-forming, aerobic short rods approximately 0.6-1.0 mm60.25-0.5 mm (Fig. S1 , available in IJSEM Online). On the surface of TGY agar media, after 48 h of culture at 30 u C, the bacterial colonies were 1-3 mm in diameter, beige, smooth, moist, translucent, shiny, and convex with regular edges (Fig. S2) . The detailed physiological and biochemical characteristics obtained for strain H-12 T are presented in Table 1 .
The predominant isoprenoid quinone of strain H-12 T was MK-7. The major polar lipid was phosphatidylethanolamine and several unknown polar lipids were also detected (Fig. S3) . The predominant cellular fatty acids of strain H-12 T were the straight-chain monounsaturated fatty acids summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 37.81 %), the branched-chain saturated fatty acids iso-C 15 : 0 (27.18 %), iso-C 17 : 0 3-OH (15.44 %) and iso-C 15 : 0 3-OH (3.08 %), and the straight-chain unsaturated fatty acids C 16 : 0 (7.26 %), C 16 : 0 3-OH (4.78 %) and C 14 : 0 (1.37 %). The cellular fatty acid profiles of strain H-12
T and other species of the genus Sphingobacterium are presented in Table 2 . DNA-DNA hybridization experiments were performed to evaluate the genomic DNA-DNA relatedness between strain H-12 T and Sphingobacterium composti DSM 18850
T . DNA-DNA relatedness studies were conducted using the fluorometric microdilution plate method (Ezaki et al., 1988) . The level of DNA-DNA relatedness between strain H-12 T and Sphingobacterium composti DSM 18850 T was 45.5 %. The value was below the threshold value of 70 % accepted for the delineation of a novel bacterial species (Wayne et al., 1987) . The G+C content of the genomic DNA of strain H-12 T was found to be 44.15 mol%, which falls within the range of G+C contents of other species of the genus Sphingobacterium (37.3-44.5 %) (Yoo et al., 2007b; Wei et al., 2008) .
The 16S rRNA gene sequence of strain H-12 T comprises 1387 nt. Preliminary sequence comparisons with 16S rRNA gene sequences obtained from the GenBank database support strain H-12 T belonging to the genus Sphingobacterium. The DNA sequence of strain H-12 T showed highest similarity to that of the reference strain Sphingobacterium composti DSM 18850 T (90.0 %). The phylogenetic tree ( Fig.  1) , based on the neighbour-joining algorithm, showed a close phylogenetic association of strain H-12 T with type strains of the genus Sphingobacterium. Strain H-12 T appears to form a compact cluster with Parapedobacter pyrenivorans P-4 T (Zhao et al., 2013) and Olivibacter sitiensis AW-6 T (Ntougias et al., 2007) . Hence Parapedobacter belongs to the family Sphingobacteriaceae together with the genera Sphingobacterium, Pedobacter, Mucilaginibacter, Olivibacter, Pseudosphingobacterium, Nubsella and Solitalea (Kim et al., 2010) . Flavobacterium chilense CCM 7940 T (Kämpfer et al., 2012) was included as an outgroup in the phylogenetic tree.
On the basis of phenotypic, genetic and phylogenetic data, we confirm that strain H-12 T should be classified as a representative of a novel species of the genus Sphingobacterium, for which the name Sphingobacterium arenae sp. nov. is proposed.
Description of Sphingobacterium arenae sp. nov.
Sphingobacterium arenae (a.re9na.e. L. gen. n. arenae of the sand, pertaining to the isolation source of the type strain).
Cells are Gram-stain-negative, non-motile, non-spore-forming, aerobic short rods, approximately 0.6-1.0 mm60.25-0.5 mm in size. After 48h at 30 u C, colonies grown on TGY agar are 1-3 mm in diameter, beige, smooth, moist, Growth at: translucent, shiny, and convex with regular edges. The temperature range over which growth occurs is 20-37 u C (optimum, 30 u C) and no growth occurs at temperatures at or above 40 u C. The pH range over which growth occurs is 7.0-11.0 (optimum, pH 8.5) and the NaCl concentration range for growth is 0-5 % (w/v). Positive for catalase, oxidase and urease activities, but negative for arginine dihydrolase, indole production and nitrate reduction. Gelatin, starch, casein, and tyrosine are not hydrolysed. When tested with the API ZYM system for activity of other enzymes, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arlyamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, 
